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(54)  Sunroof apparatus

(57)  Provided is a sunroof apparatus (1) capable of
opening and closing an opening (3) of a fixed outer roof
panel (2) of a vehicle, the closing being done by locating
a front edge of a movable roof panel (4) at a location
adjacent to an upper edge of a front window (5) without
the fixed outer roof panel between the front edge of the
movable roof panel and the upper edge of the front win-

FIG. 5

dow. The sunroof apparatus comprises a front roof rail
(15) whose cross sectional shape is approximately
closed, the front rail extending in a width direction of the
vehicle and being attached to an inside of the upper edge
portion of the front window. And the front edge portion of
the movable roof panel is located over the closed cross
sectional shape of the front roof rail when the opening of
the fixed outer roof panel is closed.
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Description
BACKGROUND OF THE INVENTION
1. Technical Field

[0001] The present invention relates to a sunroof ap-
paratus for a vehicle.

2. Description of Background Art

[0002] In general, a part of a front window of a vehicle
near an upper edge of the front window is supported by
a roof rail member (hereinafter, called front roof rail). The
patentdocument 1 discloses a structure in which the part
near the upper edge of the front window is attached to a
front header as a front roof rail. An opening for a sunroof
apparatus is formed behind the front header (front roof
rail).

[0003] The frontroofrail is extended in the width direc-
tion ofthe vehicle and has a closed cross sectional shape
to secure the strength thereof. The patent document 1
discloses that the front roof rail is formed by joining two
members of an outer front header and an inner front
header together. Each of the outer front header and the
inner front header has a front flange and a rear flange.
Both front flanges are joined by welding, and both rear
flanges are also joined by welding. A part of the front
window near the upper edge of the front window is sup-
ported by the welded front flanges, and a part of a mov-
able roof panel near a front edge of the movable roof
panel is sat on the welded rear flanges.

Patent document 1: Japanese Patent Laid-Open
Publication No. 2010-163112 (Paragraph 0024)

BRIEF SUMMARY OF THE INVENTION

[0004] As described in the above, the prior front roof
rail is formed by welding the two members of the outer
front header and the inner front header. The front flange
and the rear flange of each of the outer front header and
the inner front header are needed as parts to be joined
by welding. The part of the front window near the upper
edge of the front window is sat on the welded front flang-
es, and the part of the movable roof panel near the front
edge of the movable roof panel is sat on the welded rear
flanges. However, there is a problem that the welded
front flanges and the welded rear flanges tend to prevent
a person in a vehicle from viewing the outside.

[0005] At least the preferred embodiments of the
present invention seek to solve such a problem. It is an
object of at least the preferred embodiments of the
presentinvention to provide a sunroof apparatus capable
of improving a field of view around the front roof rail while
keeping a stiffness to receive a load from the movable
roof panel.

[0006] The presentinvention provides a sunroof appa-
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ratus capable of opening and closing an opening of a
fixed outer roof panel of a vehicle, the closing being done
by locating a front edge of a movable roof panel at a
location adjacent to an upper edge of a front window with-
out interposing the fixed outer roof panel between the
front edge of the movable roof panel and the upper edge
of the front window,

wherein the sunroof apparatus comprises a front roof rail
whose cross sectional shape is approximately closed,
the front rail extending in a width direction of the vehicle
and being attached to an inside of an upper edge portion
of the front window, and

wherein an front edge portion of the movable roof panel
is located over the closed cross sectional shape of the
front roof rail when the opening of the fixed outer roof
panel is closed.

[0007] According to the above sunroof apparatus, the
front edge of the movable roof panel is located at a loca-
tion adjacent to the upper edge of the front window with-
out interposing the fixed outer roof panel between them
when the opening of the roof is closed. That is, no fixed
outer roof panel exists between the front window and the
movable roof panel, so that a field of view is improved in
the upper and forward direction. And a load from the mov-
able roof panel can be sufficiently supported with the stiff-
ness of the closed cross sectional shape of the front roof
rail. Furthermore, no flange on which the part near the
front edge of the movable roof panel sits needs to be
formed, so that the neighbourhood of the part near the
front edge of the movable roof panel becomes compact.
Therefore, a field of view is improved.

[0008] In the above-mentioned invention, it is prefera-
ble that at least a part of the approximately closed cross
sectional shape is located under the inside of the upper
edge portion of the front window, the front roof rail being
attached to the inside, and that the front roof rail has a
slant surface extending slantingly in an upper and for-
ward direction from a lower end of the slant surface, the
lower end being at a location of a bottom part of the ap-
proximately closed cross sectional shape of the front roof
rail, and an upper end of the slant surface being the most
front end of the approximately closed cross sectional
shape.

[0009] Furthermore, in the first-mentioned invention, it
is preferable that at least a part of the approximately
closed cross sectional shape is located under the inside
of the upper edge portion of the front window, the front
roof rail being attached to the inside, and that the front
roof rail has a slant surface extending slantingly in an
upper and forward direction from a lower end of the slant
surface, the lower end being at a location of a bottom
part of the approximately closed cross sectional shape
of the front roof rail, and no part of the front roof rail being
located under an extended plane including the slant sur-
face.

[0010] According to either one of the above two pref-
erable forms of sunroof apparatus, the front edge of the
movable roof panel is located a position adjacent to the
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upper edge of the front window without the fixed outer
roof panel between them when the opening of the roof
is closed. Thatis, no fixed outer roof panel exists between
the front window and the movable roof panel, so that a
field of view isimprovedin the upper and forward direction
from a person in the vehicle. And a load from the front
window can be sufficiently supported with the stiffness
of the closed cross sectional shape of the front roof rail.
Furthermore, no flange on which the part near the upper
edge of the front window sits needs to be formed. And a
view line of a person sitting on a seat in the vehicle is
kept along the slant surface of the front roof rail by the
cross sectional shape having the slant surface, so that a
field of view for the front window can be widely secured.
[0011] And furthermore, in the first-mentioned inven-
tion, it is preferable that the front roof rail is made of a
bended metal plate, the bended metal plate being bend-
ed so as to have an approximately closed cross sectional
shape, and wherein at least a part of the approximately
closed cross sectional shape is located under the inside
of the upper edge portion of the front window, the front
roof rail being attached to the inside.

[0012] According to the above preferable form of sun-
roof apparatus, the front edge of the movable roof panel
is adjacent to the upper edge of the front window without
the fixed outer roof panel between them when the open-
ing of the roof is closed. That is, no fixed outer roof panel
exists between the front window and the movable roof
panel, so that a field of view is improved in the upper and
forward direction. The front roof rail in the patent docu-
ment 1 is made of two members. One is the upper (or
outer) member, the other is the lower (or inner) member.
Flanges to join the two members together by welding
tend to narrow a field of view from a person in a vehicle.
The front roof rail in the above sunroof apparatus accord-
ing to the present invention is formed by bending a metal
plate to have an approximately closed cross sectional
shape, and flanges are not needed for the front roof rail.
Therefore, a field of view in the upper and forward direc-
tion can be further expanded. Reinforcement for support-
ing the front window is sufficiently secured because at
least a part of the approximately closed cross sectional
shape is located under a part of the front window to which
the front roof rail is attached.

[0013] It is preferable that a joint section to be joined
between both edges of the bended metal plate is closed
with a patch member.

According to the above preferable sunroof apparatus,
the stiffness, especially the twist stiffness of the front roof
rail can be further enhanced.

[0014] Itis preferable that the front roof rail is attached
to the inside of the upper edge portion of the front window
with adhesive, and a joint section to be joined between
both edges of the bended metal plate is closed with the
adhesive.

According to the above preferable sunroof apparatus,
the stiffness, especially the twist stiffness of the front roof
rail can be further enhanced by the simple means, that
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is, by utilizing the adhesive for attaching the front window
to the front roof rail.

[0015] According to the present invention, a field of
view around the front roof rail can be improved.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0016] Certain preferred embodiments of the present
invention will now be described in greater detail by way
of example only and with reference to the accompanying
drawings, in which:

FIG. 1 is a plan view of a sunroof apparatus of the
presentembodiment according to the presentinven-
tion;

FIG. 2 is an enlarged longitudinal sectional view tak-
en along the line II-1l shown in FIG. 1;

FIG. 3 is a side view of a panel support stay;

FIG. 4 is an enlarged cross sectional view taken
along the line IV-1V shown in FIG. 1;

FIG. 5 is an enlarged longitudinal sectional view
around the front edge of the movable roof panel
shown in FIG. 2;

FIG.6is another enlarged longitudinal sectional view
around the front edge of the movable roof panel ac-
cording to another embodiment different from FIG. 5;
FIG. 7 is an enlarged longitudinal sectional view
around the rear edge of the movable roof panel
shown in FIG. 2;

FIG. 8Ais a longitudinal sectional view for explaining
the action of the sunroof apparatus of the present
embodiment;

FIG. 8B is another longitudinal sectional view for ex-
plaining the action of the sunroof apparatus of the
present embodiment;

FIG. 9A is further another longitudinal sectional view
for explaining the action of the sunroof apparatus of
the present embodiment;

FIG. 9B is another longitudinal sectional view for ex-
plaining the action of the sunroof apparatus of the
present embodiment;

FIG. 10 is alongitudinal sectional view for explaining
a field of view around a front roof rail;

FIG. 11 is a perspective view showing a front panel
holder, side panel holders, a rear panel holder, and
front and rear joint members for connecting them
together;

FIG. 12A is a longitudinal sectional view around the
rear edge of the movable roof panel showing a wa-
tertight state of a seal member with an interposition
of a rear joint member; and

FIG. 12B is a longitudinal sectional view around the
rear edge of the movable roof panel showing a wa-
tertight state of a seal member without the interpo-
sition of the rear joint member shown in FIG. 12A.
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DETAILED DESCRIPTION OF THE INVENTION

[0017] As shown in Figure 1, a sunroof apparatus 1 of
the present embodiment according to the present inven-
tion is installed in an opening 3 formed in a fixed outer
roof panel 2 (hereinafter, outer roof panel 2) of a vehicle,
and is configured to be capable of opening and closing
the opening 3. The sunroof apparatus 1 comprises a mov-
able roof panel 4 (hereinafter, sometimes, roof panel 4)
which is an outer roof panel to move backward in a tilted
position while the opening is being opened. The roof pan-
el 4 is made of, for example, glass or plastics.

[0018] The opening 3 has a rectangular shape. The
opening 3 is made by cutting off a front area of the outer
roof panel 2 of a fixed roof. In the prior art, a movable
roof panel is adjacent to a rear edge of the outer roof
panel 2 in front of the opening 3 when the opening is
closed. On the other hand, a front edge of the roof panel
4 when the opening 3 is closed (hereinafter, sometimes,
closed roof panel 4) shown in Figures 1 and 2, is located
at a location adjacent to an upper edge of a front window
5 without the outer roof panel 2 between them. However,
the closed roof panel 4 is located adjacently to the outer
roof panel 2 of the fixed roof at left and right side edges
and a rear edge of the roof panel 4. Strictly speaking, a
weather strip 6 made of rubber or the like and a weather
strip 7 made of rubber or the like slightly abut against
each other as shown in Figure 2. The weather strip 6 is
attached to an front edge portion of the roof panel 4, and
the weather strip 7 is attached to an upper edge portion
of the front window 5. Thus, an outer surface of the roof
panel 4 near the front edge thereof and an outer surface
of the front window 5 near the upper edge thereof are
disposed to be a flush form. As shown in Figure 5, the
weather strip 6 has a base part 6a and a lip part 6b. The
base part 6a is attached to the front edge portion of the
roof panel 4, and the lip part 6b extends forward like a
thin tongue from the front end of the base part 6a. The
front end portion of the lip part 6b slightly abuts against
a rear upper surface of the weather strip 7.

[0019] Withreferenceto Figures2and 11, afrontpanel
holder 8, side panel holders 9 and a rear panel holder 10
are attached with adhesive or the like to an inner surface
of the roof panel 4 at the front edge, both side edges,
and the rear edge, of the roof panel 4, respectively, in
order to mainly reinforce the roof panel 4. The front panel
holder 8, side panel holders 9 and the rear panel holder
10 are made of, for example, metal member like a plating
steel plate.

[0020] As shown in Figure 5, the front panel holder 8
has a cross sectional shape having an upper plate part
8a, arear plate part 8b, a lower plate part 8c, and a front
plate part 8d. Hereinafter, a word of "part" will be omitted
from these parts 8a, 8b, 8c and 8d, and omitted also from
parts like these parts described hereinafter. The upper
plate 8a extends rearward and slightly upward to follow
a slope of the front edge portion of the roof panel 4. The
rear plate 8b extends downward and approximately or-
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thogonally to a panel surface of the roof panel 4 from a
rear end of the upper plate 8a. The lower plate 8c extends
forward and approximately horizontally from a lower end
of the rear plate 8b. The front plate 8d extends upward
and approximately orthogonally to the panel surface of
the roof panel 4 from a front end of the lower plate 8c,
and an upper portion of the front plate 8d is embedded
in the base portion 6a of the weather strip 6. A part near
a front end of the upper plate 8a is formed to have an
approximate U shape. A bottom of the U shape is pro-
truded downward, and thus the part near a front end of
the upper plate 8a is engaged with a part of the base 6a
of the weather strip 6. As mentioned above, the front
panel holder 8 is attached to a lower surface of the roof
panel 4 through the weather strip 6. In addition thereto
or in place thereof, the front panel holder 8 may be at-
tached to the lower surface of the roof panel 4 with ad-
hesive.

[0021] As shown in Figure 4, the side panel holder 9
has a cross sectional shape having a first upper plate 9a,
afirst side plate 9b, a lower plate 9c, a second side plate
9d, a second upper plate 9e, and a bracket 9f. The first
upper plate 9a is attached to a lower surface of a side
edge portion of the roof panel 4 with adhesive 11. The
first side plate 9b extends downward and approximately
orthogonally to the panel surface of the roof panel 4 from
an end of the first upper plate 9a nearer a middle of the
vehicle in a width direction of the vehicle (hereinafter, a
word of "vehicle" will be omitted). The lower plate 9c ex-
tends slightly upward and toward the middle of the vehicle
in the width direction from a lower end of the first side
plate 9b, so that the lower plate 9c slightly inclines so as
to be parallel with the panel surface of the roof panel 4.
The second side plate 9d extends upward from an end
of the lower plate 9c nearer the middle of the vehicle in
the width direction. The second upper plate 9e extends
toward the middle of the vehicle in the width direction
from an upper end of the second side plate 9d, and is
attached to the lower surface of the roof panel 4 with
adhesive 12. The bracket 9f extends downward, that is,
extends approximately vertically from an end of the sec-
ond upper plate 9e nearer the middle of the vehicle in
the width direction so that the bracket 9f has a shape of
an approximately vertical plate extending downward. A
closed space in a cross section is formed under the roof
panel 4 by the first side plate 9b, the lower plate 9¢c, and
the second side plate 9d in cooperation with the roof pan-
el 4. This closed shape structure in the cross section
serves as reinforcement. The bracket 9f is connected
with the panel support stay 38 as described later.
[0022] As shown in Figure 7, the rear panel holder 10
has a cross sectional shape having an upper plate 10a,
afront plate 10b, a lower plate 10c, and a rear plate 10d.
The upper plate 10a is attached to a lower surface of a
rear edge portion of the roof panel 4 with adhesive 13.
The front plate 10b extends downward from a front end
of the upper plate 10a. The lower plate 10c extends rear-
ward from a lower end of the front plate 10b approximate-



7 EP 2 700 522 A2 8

ly in parallel with the panel surface of the roof panel 4.
The rear plate 10d extends upward from a rear end of
the lower plate 10c to connect with a rear end of the upper
plate 10a. A closed cross sectional shape having an ap-
proximately rectangular shape is formed by these four
plates. The rear panel holder 10 is attached to the lower
surface of the roof panel 4 at a slightly forward location
apart from the rear edge of the roof panel 4.

[0023] As shown in Figure 11, each of end portions of
the front panel holder 8 and each of front end portions of
the two side panel holders 9 are connected with each
other through a front joint member 29. And each of end
portions of the rear panel holder 10 and each of rear end
portions of the two side panel holders 9 are connected
with each other through a rear joint member 30. Upper
surfaces of front joint members 29 and rear joint mem-
bers 30 are attached to the lower surface of the roof panel
4 at four corners of the roof panel 4 with adhesive or the
like. The front joint members 29 and the rear joint mem-
bers 30 are made of material such as plastics.

[0024] As shown in Figure 2, a front roof rail 15 is at-
tached to an inner surface of an upper edge portion of
the front window 5 with adhesive 14. The front roof rail
15 is a member extending in the width direction to give
strength to the front window 5, and has an approximately
closed cross sectional shape. Furthermore, the front roof
rail 15 is made of a metal plate, for example, a bended
galvanized steel plate formed by bending like roll forming.
[0025] As shown in Figure 5, the front roof rail 15 has
an approximately closed cross sectional shape having
an attaching plate 15a, an upper rear plate 15b, a con-
cave plate 15c, a support plate 15d, a lower rear plate
15e, a lower plate (bottom part) 15f, and a slant plate
15g. The attaching plate 15a is attached to the inner sur-
face of the upper edge portion of the front window 5 with
the adhesive 14. The upperrear plate 15b extends down-
ward and approximately orthogonally to a window sur-
face of the front window 5 from arear end of the attaching
plate 15a. The concave plate 15c extends rearward and
downward being curved from a lower end of the upper
rear plate 15b, and extends rearward and upward to form
a concavity projecting downward. The support plate 15d
extends rearward and approximately horizontally from a
rear end of the concave plate 15c. The lower rear plate
15e extends downward and approximately vertically from
a rear end of the support plate 15d. The lower plate 15f
extends slantingly forward and downward from a lower
end of the lower rear plate 15e. The slant plate 15g ex-
tends slantingly forward and upward from a front end of
the lower plate 15f. An upper end of the slant plate 15g
is located at the most forward end location of the front
roof rail 15 in the cross section. And a part near the upper
end ofthe slant plate 15g is bended rearward and upward
to be located adjacently to or to be connected to a front
edge of the attaching plate 15a

[0026] In accordance with the cross sectional shape
of the frontroofrail 15 mentioned above, the closed cross
sectional space 16 of the front roof rail 15 has a front
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space 16a and a rear space 16b. The front space 16a
and the rear space 16b communicate with each other
through a narrow portion 16¢ of an approximate border
between them. The narrow portion 16c¢ is formed by re-
ducing a distance between the concave plate 15¢ and
the slant plate 15g. The front space 16a is surrounded
mainly by the attaching plate 15a, the upper rear plate
15b, and the slant plate 15g. And the rear space 16b is
surrounded mainly by the support plate 15d, the lower
rear plate 15e, and the lower plate 15f. The front space
16a is located under the attaching plate 15a for being
attached to the front window 5. The rear space 16b is
communicated with a lower and rear portion of the front
space 16a and is located under the front edge of the roof
panel 4, that is, under the front panel holder 8, when the
opening 3 is closed.

[0027] A joint section 17 between edges of the plate is
formed because the front roof rail 15 is a member formed
by bending one metal plate as mentioned above. Figure
5 shows that the front roof rail 15 is formed so that the
joint section 17 is located in the attaching plate 15a. The
rigidity of the front roof rail 15 is enhanced by sealing the
joint section 17 with the adhesive 14. As another exam-
ple, a patch member 18 of a separate member may be
welded to the attaching plate 15a to seal the joint section
17. In this case of the patch member 18, it is not required
to seal with the adhesive 14. Therefore, the front roof rail
15 may be formed so that the joint section 17 is located
at some place except the attaching plate 15a.

[0028] Then, a drain channel for draining rain water or
the like is equipped under the whole peripheral edge por-
tion of the roof panel 4. At first, as shown in Figure 5, a
front roof stiffener 19 extending in the width direction is
equipped overthe frontroofrail 15. The frontroof stiffener
19 has a cross sectional shape having a base plate 19a,
a side plate 19b, a bottom plate 19c, and a seal attaching
plate 19d. The base plate 19a is located between the
upper edge portion of the front window 5 and the attach-
ing plate 15a of the front roof rail 15. The side plate 19b
extends downward and approximately orthogonally to
the window surface of the front window 5 from a rear end
of the base plate 19a. The bottom plate 19c extends rear-
ward and approximately horizontally from an end of the
side plate 19b. The seal attaching plate 19d is bended
slightly upward from a rear end of the bottom plate 19¢
and then extends rearward and approximately horizon-
tally. A front end portion of the base plate 19a of the front
roof stiffener 19 is fixed to the upper edge portion of the
front window 5 and the attaching plate 15a of the front
roofrail 15 by interposing the adhesive 14. And both lower
surfaces of a rear portion of the bottom plate 19¢c and
the seal attaching plate 19d are attached to the support
plate 15d of the front roof rail 15 by interposing an adhe-
sive 20.

[0029] A seal member 21 extending in the width direc-
tion is fixed to an upper surface of the seal attaching plate
19d with adhesive or the like. The seal member 21 is
made of rubber having a shape such as a hollow closed
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cross sectional shape. The lower plate 8c of the front
panel holder 8 is pressed onto the seal member 21 when
the opening 3 is closed. Therefore, an area around the
front edge of the roof panel 4 becomes watertight. Thus,
water is prevented from entering the interior of the vehi-
cle. That is, the front edge portion of the roof panel 4 is
placed over the rear space 16b of the front roof rail 15
through the front roof stiffener 19. And, a drain channel
22 is defined by the side plate 19b, the bottom plate 19c,
and the front side surface 21 a of the seal member 21.
Water dropped in the drain channel 22 is drained out
through drain holes (not shown) formed at both end por-
tions of the drain channel 22 in the width direction, and
then, is drained out through front pillars.

[0030] As shown in Figure 4, a side roof stiffener 23
extending in a front-rear direction of the vehicle is
equipped under each side edge of the roof panel 4. The
side roof stiffener 23 has a cross sectional shape having
a connection plate 23a, a first side plate 23b, a bottom
plate 23c, a second side plate 23d, and a seal attaching
plate 23e. The connection plate 23a extends approxi-
mately horizontal, and is connected to a body frame of
the vehicle not shown. The first side plate 23b extends
downward and approximately vertically from an end of
the connection plate 23a nearer the middle of the vehicle
in the width direction. The bottom plate 23c extends ap-
proximately horizontally from a lower end of the first side
plate 23b toward the middle of the vehicle in the width
direction. The second side plate 23d extends upward and
approximately vertically from an end of the bottom plate
23c nearer the middle of the vehicle in the width direction.
The seal attaching plate 23e extends toward the middle
of the vehicle in the width direction from an upper end of
the second side plate 23d slantingly slightly upwards.
[0031] A seal member 24 extending in the front-rear
direction of the vehicle is fixed to an upper surface of the
seal attaching plate 23e with adhesive or the like. In ad-
dition, the seal member 24, the seal member 21 and a
seal member 27 described later are one piece member
having a rectangle frame shape in plan view. The lower
plate 9c of the side panel holder 9 is pressed onto the
seal member 24 when the opening 3 is closed. Therefore,
an area around each side edge of the roof panel 4 be-
comes watertight. Thus, water is prevented from entering
the interior of the vehicle. And a drain channel 25 is de-
fined by the first side plate 23b, the bottom plate 23c, and
the second side plate 23d. Water dropped in the drain
channel 25 is drained out through a drain hole (not
shown), and then, is drained out through the front pillar,
a center pillar, or the like.

[0032] As shown in Figure 7, a rear roof stiffener 26
extending in the width direction is equipped under the
rear edge of the roof panel 4. The rear roof stiffener 26,
the front roof stiffener 19, and the side roof stiffeners 23
are one piece member having a rectangle frame shape
in plan view. The rear roof stiffener 26 has a cross sec-
tional shape having a connection plate 26a, a side plate
26b, a bottom plate 26¢, and a seal attaching plate 26d.
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The connection plate 26a extends approximately hori-
zontally, and is connected to a body frame of the vehicle
not shown. The side plate 26b extends approximately
downward from a front end of the connection plate 26a.
The bottom plate 26¢ extends forward and approximately
horizontally from a lower end of the side plate 26b. The
seal attaching plate 26d extends forward and approxi-
mately horizontally from a front end of the bottom plate
26¢ through a short slant portion slanting upward from
the front end of the bottom plate 26c¢.

[0033] A seal member 27 extending in the width direc-
tion is fixed on an upper surface of the seal attaching
plate 26d with adhesive or the like. As mentioned above,
regarding the front edge portion and the side edge por-
tions of the roof panel 4, the front panel holder 8 and the
side panel holders 9 are pressed onto the seal members
21 and 24, respectively, when the opening 3 is closed.
However, regarding the rear edge portion of the roof pan-
el 4, the rear panel holder 10 is not pressed onto the seal
member 27, but a lower surface of the rear edge portion
of the roof panel 4 is pressed onto the seal member 27.
Thus, an area around the rear edge of the roof panel 4
becomes watertight, and, water is prevented from enter-
ing the interior of the vehicle. Adrain channel 28 is defined
by the side plate 26b, the bottom plate 26¢, and a rear
side surface 27a of the seal member 27. Water dropped
in the drain channel 28 is drained out through drain holes
(notshown)formed at both end portions of the drain chan-
nel 28 in the width direction, and then, is drained out
through center pillars.

[0034] Regarding an area around the rear edge of the
roof panel 4, the lower surface of the roof panel 4 is
pressed directly onto the seal member 27 without inter-
posing the rear panel holder 10. As a result, there is a
following problem. Regarding the side edge portions of
the roof panel 4, as shown in Figure 4, the side panel
holder 9 is pressed onto the seal member 24. Therefore,
there exists a distance corresponding to a height of the
side panel holder 9 between the roof panel 4 and the seal
member 24. On the other hand, as shown in Figure 7, a
distance between the roof panel 4 and the seal member
27 is zero. Therefore, regarding a part around a rear end
of the seal attaching plate 23e of the side roof stiffener
23, the part is formed to be a slant plate 23f which grad-
ually approaches the roof panel 4 as it goes rearward,
as shown in Figure 12A. In the consequence, a part
around a rear end of the lower plate 9c of the side panel
holder 9 is also formed to be a slant plate 9g (refer to
Figure 11 also)as it goes rearward so that the part can
be pressed onto the seal member 24 following the slant
plate 23f to be slant.

[0035] In a case where the side panel holder 9 is ex-
tended up to a more rearward location than the case of
Figure 12A as shown in Figure 12B, agap G is generated
because of a plate thickness of the lower plate 9c (or 9g)
among a rear end surface of the lower plate 9c, the roof
panel 4, and the seal member 24. Thus, a sufficient wa-
tertight state may not be obtained. On the other hand, as
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shown in Figure 12A, no gap G is generated by equipping
a rear joint member 30 just behind the side panel holder
9. A lower surface 30b of the rear joint member 30 is
formed to be a slant surface which becomes flush with a
lower surface of the slant plate 99 of the side panel holder
9. The slantsurface 30b extends rearward up to alocation
abutting against the lower surface of the roof panel 4
(refer to Figure 11 also). As a result, the expected wa-
tertight performance can be obtained without generating
the gap G. Arear end of the lower plate 9c (or 9g) cannot
be cutin an acute angle so as not to generate the gap G
because the side panel holder 9 is made of a metal plate
or sheet. On the other hand, in a case where the rear
joint member 30 is made of plastics having an excellent
formability, a rear edge 30a of the rear joint member 30
can be easily formed to have a pointed acute angle in
side view.

[0036] Next, an open-and-close mechanism of the roof
panel 4 will be described hereinafter.

As shown in Figure 4, a left guide frame 31 extending in
the front-rear direction of the vehicle is fixed under each
of two side edge portions of the roof panel 4. The guide
frame 31 has a cross sectional shape having a cable
channel 33 and a guide rail channel 35. The cable chan-
nel 33 is a channel to insert thereinto a push-pull cable
32 which can be reciprocated in the front-rear direction
by a drive motor not shown. The guide rail channel 35 is
a channel to guide a drive slider 34 connected to the
push-pull cable 32 to slide in the front-rear direction. A
connected part between the push-pull cable 32 and the
drive slider 34 is not shown. The guide frame 31 is made,
for example, by extrusion of aluminum alloy.

[0037] The drive slider 34 has a body 34A of a vertical
plate standing up vertically or along the guide frame 31,
and a plurality of shoes 34B protruding left and right from
a lower part of the body 34A at front and rear edge por-
tions of the body 34A. The shoes 34B slide in the guide
rail channel 35. Each shoe 34B may be formed integrally
with the body 34A, or may be formed as a separate mem-
ber. As shown in Figure 2, a first lift guide channel 36
and a second lift guide channel 37 are formed in the body
34A at a front part thereof and a rear part thereof, re-
spectively. Each channel passes through the body 34A
in the width direction (of the vehicle), that is, in a left-right
direction of the vehicle.

[0038] The first lift guide channel 36 has a first hori-
zontal stroke 36A extending approximately horizontally,
a first slant stroke 36B slantingly extending forward and
slightly upward from a front end of the first horizontal
stroke 36A, a second horizontal stroke 36C extending
approximately horizontally and forward from an upper
end of the first slant stroke 36B, and a second slant stroke
36D slantingly extending forward and upward from a front
end of the second horizontal stroke 36C. The second lift
guide channel 37 has a first horizontal stroke 37A ex-
tending approximately horizontally, a slant stroke 37B
slantingly extending forward and upward from a frontend
of the first horizontal stroke 37A, and a second horizontal
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stroke 37C extending approximately horizontally and for-
ward from an upper end of the slant stroke 37B.

[0039] A panel support stay 38 is interposed between
the roof panel 4 and the drive slider 34. With reference
to Figures 2 and 3, the panel support stay 38 is a vertical
plate and has a base plate part 39 at the front half part
thereof and a forked part 40 at the rear half part thereof.
The forked part 40 has an upper part 41 connected to
the roof panel 4 and a lower part 42 engaged with the
drive slider 34. The forked part 40 has an opening facing
rearward. The upper part 41 extends approximately in
the front-rear direction along a lower surface of the roof
panel 4. One of a plurality of connection pins 43 is con-
nected to the upper part 41 at a rear end portion of the
upper part 41. The lower part 42 also extends approxi-
mately in the front-rear direction and a second lift guide
pin45is attached to the lower part42 atarear end portion
of the lower part 42 as described later.

[0040] In Figure 4, a part of the side panel holder 9 is
formed as the bracket 9f of a vertical plate as mentioned
above. As shown in Figure 2, an upper edge portion of
the base plate 39 of the panel support stay 38 and the
upper part 41 are connected to and fixed to the bracket
9f by a plurality of connection pins 43. The first lift guide
pin 44 and the second lift guide pin 45 are attached to a
lower front edge portion of the base plate 39 and to a
rear edge portion of the lower part 42 of the panel support
stay 38, respectively. The first lift guide pin 44 and the
second lift guide pin 45 are engaged with the first lift guide
channel 36 and the second lift guide channel 37 of the
drive slider 34, respectively so that the first lift guide pin
44 and the second lift guide pin 45 can slide in the channel
36 and in the channel 37, respectively.

[0041] In addition, the panel support stay 38 may be
formed integrally with the side panel holder 9, or may be
directly attached to the lower surface of the roof panel 4
with adhesive or the like without interposing the side pan-
el holder 9.

<Operation>

[0042] An operation of the sunroof apparatus 1 will be
described mainly with reference to Figures 8A, 8B, 9A
and 9B. The side panel holder 9 is omitted in Figures 8A,
8B, 9A and 9B.

Figure 8A shows a state where the opening 3 is closed
by the roof panel 4. On this occasion, the drive slider 34
is located at the most forward location. And the first lift
guide pin 44 is located at the first horizontal stroke 36A
of the first lift guide channel 36, and the second guide
pin 45 is located at the first horizontal stroke 37A of the
second lift guide channel 37. The front panel holder 8 is
pressed onto the seal member 21 under the front edge
portion of the roof panel 4. The side panel holder 9 is
pressed onto the seal member 24 under each side edge
portion of the roof panel 4 (refer to Figure 4). Furthermore,
a lower surface of the roof panel 4 is pressed onto the
seal member 27 under the rear edge portion of the roof
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panel 4. As a result, the sufficient watertight state can be
secured so that water is prevented from entering the in-
terior of the vehicle through the periphery of the roof panel
4.

[0043] Thedrive slider 34 moves rearward through the
push-pull cable 32 (Figure 4) because of driving force of
the motor not shown from the state shown in Figure 8A,
so that a lower wall of the first slant stroke 36B of the first
lift guide channel 36 pushes up the first lift guide pin 44,
and a lower wall of the slant stroke 37B of the second lift
guide channel 37 pushes up the second lift guide pin 45.
Thus, the roof panel 4 is moved slightly rearward and is
tilted up. Figure 8B shows a state where the above tilting
up is completed. On this occasion, the first lift guide pin
44 is located in the second horizontal stroke 36C of the
first lift guide channel 36, and the second lift guide pin
45 is located in the second horizontal stroke 37C of the
second lift guide channel 37.

[0044] Thedrive slider 34 moves furthermore rearward
from the state shown in Figure 8B, so that the roof panel
4 moves rearward because a lower wall of the second
slant stroke 36D of the first lift guide channel 36 pushes
the first lift guide pin 44 rearward as shown in Figure 9A.
[0045] Figure 9B shows a state where the roof panel
4 has moved to the rearmost location so that the opening
3 is fully opened. On this occasion, the upper part 41 of
the panel support stay 38 is located over the outer roof
panel 2 behind the opening 3, and the lower part 42 is
located under the outer roof panel 2 behind the opening
3. That s, the forked part 40 of the panel support stay 38
is located to sandwich the outer roof panel 2 behind the
opening 3 vertically. As shown clearly in Figure 9B, the
second lift guide pin 45 is located at a more rearward
location than a rear edge of the opening 3.

[0046] Two pins connecting a panel support stay and
asliderin a prior structure described in Japanese Patent
Laid-open Publication No. 2005-41345 are located at a
more forward location than a rear edge of the opening
whenthe openingis fully opened. Inthe above prior struc-
ture, unless the forward pinis equipped at a more forward
location, for example, by extending a front end of each
guide rail forward, it is difficult to enlarge a distance be-
tween the two pins, that is, a support span to support a
weight of the roof panel supported by the slider. In this
prior structure, the two pins are located at more forward
locations excessively than a gravitational center of the
roof panel. Therefore, alarge load is applied on the panel
support stay because of a large moment.

[0047] On the other hand, in the present embodiment,
the second lift guide pin 45 is located at a more rearward
location than the rear edge of the opening 3 when the
opening 3 is fully opened. That is, a part of the engaging
portions between the panel support stay 38 and the drive
slider 34, which is a part of support portions to support
the weight of the roof panel 4, is located at a more rear-
ward location than the rear edge of the opening 3. There-
fore, a support span S (refer to Figure 3) to support the
roof panel 4 can be kept long while opening quantity of
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the opening 3 is fully kept without taking specific meas-
ures, for example, extending the front end of the guide
frame 31 forward. Furthermore, the load applied to the
panel support stay 38 can be decreased because one of
the support portions for the weight of the roof panel 4 is
located at a more rearward location than the prior struc-
ture to be closer to the gravitational center of the roof
panel 4.

[0048] Furthermore, the panel support stay 38 is
formed to have the forked part 40 in a forked shape. The
upper part 41 of the forked part 40 is connected to the
roof panel 4 and the lower part 42 of the forked part 40
is engaged with the drive slider 34. And the panel support
stay 38 has the opening between the upper part 41 and
the lower part 42 so that the opening faces rearward. The
forked part 40 is located to sandwich the outer roof panel
2 behind the opening 3 vertically when the opening 3 is
fully opened, as shown in Figure 9B. Therefore, the sim-
ple panel support stay 38 can be formed and the support
span S for the roof panel 4 can become long.

[0049] As mentioned above, the sunroof apparatus 1
has an opening 3 in the outer roof panel 2 to be closed
by the structure that the front edge of the roof panel 4 is
located at a location adjacent to the upper edge of the
front window 5 without interposing the outer roof panel 2
between the front edge of the roof panel 4 and the upper
edge of the front window 5. That is, there exists no outer
roof panel 2 between the front edge of the roof panel 4
and the upper edge of the front window 5 according to
the sunroof apparatus 1 of the present embodiment, so
afield of view in a slantingly forward and upward direction
can be improved by that much. In prior arts (for example,
Japanese Patent Laid-open Publication No.
2010-163112), the front roof rail is made of an upper
member and a lower member, that is, made of two mem-
bers. In consequence, flanges with which the two mem-
bers are welded each other tend to prevent a person in
the vehicle from viewing the outside. On the other hand,
the front roof rail 15 according to the present embodiment
is made of a metal plate bended so as to have an ap-
proximately closed cross sectional shape. Therefore, no
flange is needed. As a result, the field of view in the slant-
ingly forward and upward direction can be enlarged by
that much. The front roof rail 15 is located so that at least
a part (front space 16a) of the closed cross sectional
space 16 is located under a portion of the front window
5 which the front roof rail 15 is attached to. Therefore,
the front window 5 can be sufficiently reinforced by the
front roof rail 15.

[0050] In a case where the joint section 17 of the front
roof rail 15 is sealed with the patch member 18 as shown
in Figure 6, the rigidity (specifically, torsional rigidity) of
the front roof rail 15 can be further enhanced. In the case
where the front roof rail 15 is attached to the front window
5 with the adhesive 14 as shown in Figure 5 showing the
present embodiment, the rigidity of the front roof rail 15
can be easily enhanced by a simple structure closing
also the joint section 17 with the adhesive 14.
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[0051] Theloadfromtheroof panel 4 can be effectively
received by the rigidity of the closed cross sectional
space 16 in a case where the front edge portion of the
roof panel 4 is located over the closed cross sectional
space 16 of the front roof rail 15, specifically, the rear
space 16b when the opening 3 is closed. Furthermore,
a flange or the like to receive the front edge portion of
the roof panel 4 is not needed to be specifically formed,
so a structure around the front edge portion of the roof
panel 4 becomes compact. Therefore, a crossing angle
6 between view lines V1 and V2 becomes small and the
field of view in the slantingly forward and upward direction
can be enlarged, as shown in Figure 10.

[0052] In acase where atleast a part (front space 16a)
of the closed sectional space 16 is located under the
portion of the front window 5 which the front roof rail 15
is attached to, and the front roof rail 15 has a slant plate
15g which extends slantingly forward and upward from
a lower end thereof, and is in a lower front area of the
frontroof rail 15, an upper end of the slant plate 15g being
located at the most forward end location in the approxi-
mately closed cross sectional shape of the front roof rail
15, the view line V1 seen from a seated person can be
kept along a surface of the slant plate 15g as shown in
Figure 10. Therefore, the field of view for the front window
5 can be enlarged.

[0053] In a case where the front panel holder 8 is
pressed onto the seal member 21 under the front edge
portion of the roof panel 4, and the lower surface of the
roof panel 4 is directly pressed onto the seal member 27
under the rear edge portion of the roof panel 4, when the
opening 3 is closed, a vertical dimension of the sealing
structure around the rear edge of the roof panel 4 be-
comes shorter than a case where the rear panel holder
10 is pressed onto the seal member 27. As a result, a
large head clearance can be ensured by that much.
[0054] In acase where the seal member 24 is pressed
onto the slant surface 30b of the rear joint member 30
which is made of plastics and has the slant surface 30b
slanting in an upper and rearward direction up to the rear
edge 30a of the rear joint member 30, the rear edge 30a
being approximately in contact with the lower surface of
the roof panel 4, the seal member 24 extending up to the
lower surface of the rear edge portion of the roof panel
4 from a part abutting against the side panel holder 9 so
that the seal member 24 abuts against the lower surface
of the rear edge portion of the roof panel 4, the gap G as
shown in Figure 12B is prevented from generating be-
tween the roof panel 4 and the seal member 24. There-
fore, a watertight state by using the seal member 24 can
be enhanced thanks to the rear joint member 30.
[0055] In a case where the drain channels 22 and 28
are defined by using the front roof stiffener 19 and the
seal member 21 and by using the rear roof stiffener 26
and the seal member 27, respectively, that is, each of
the seal member 21 and 27 operates as a part of walls
of the drain channel 22 or the drain channel 28, a drain
structure shares a partial structure thereof with a water-

10

15

20

25

30

35

40

45

50

55

tight structure. Therefore, structures around the drain
channels 22 and 28 are compact. Furthermore, cross
sectional shapes of the front roof stiffener 19 and the rear
roof stiffener 26 are also simple. The seal member 24
also may be adopted as a part of side walls of the drain
channel 25 in the case of the side roof stiffener 23.
[0056] As mentioned above, the preferred embodi-
ment of the present invention has been described. In the
above-mentioned embodiment, the drive slider 34 is
formed to be one piece. However, the drive slider 34 may
be formed to have a plurality of pieces.

DESCRIPTION OF REFERENCE NUMERALS
[0057]

Sunroof apparatus
(Fixed) outer roof panel
Opening

(Movable) roof panel
Front window

Front panel holder
Side panel holder

10 Rear panel holder

15 Front roof rail

15f  Lower plate part (bottom part)
16 Closed cross sectional space
17 Joint section

18 Patch member

19 Front roof stiffener

21 Seal member

22 Drain channel

23 Side roof stiffener

24 Seal member

25 Drain channel

26 Rear roof stiffener

27 Seal member

28 Drain channel

29 Front joint member

30 Rear joint member

31 Guide frame

34 Drive slider

36 First lift guide channel
37 Second lift guide channel
38 Panel support stay

39 Base plate part

40 Forked part

41 Upper part

42 Lower part

43 Connection pin

44 First lift guide pin

45 Second lift guide pin

ok, WN -

©

Claims

1. Asunroofapparatus (1) capable of opening and clos-
ing an opening (3) of a fixed outer roof panel (2) of
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a vehicle, the closing being done by locating a front
edge of a movable roof panel (4) at a location adja-
cent to an upper edge of a front window (5) without
interposing the fixed outer roof panel between the
front edge of the movable roof panel and the upper
edge of the front window,

wherein the sunroof apparatus comprises a front roof
rail (15) whose cross sectional shape is approxi-
mately closed, the front rail extending in a width di-
rection of the vehicle and being attached to an inside
of an upper edge portion of the front window, and
wherein a front edge portion of the movable roof pan-
el is located over the approximately closed cross
sectional shape of the frontroof rail when the opening
of the fixed outer roof panel is closed.

The sunroof apparatus according to claim 1, wherein
atleast a part of the approximately closed cross sec-
tional shape is located under the inside of the upper
edge portion of the front window (5), the front roof
rail (15) being attached to the inside, and wherein
the front roof rail has a slant surface extending slant-
ingly in an upper and forward direction from a lower
end of the slant surface, the lower end being at a
location of a bottom part of the approximately closed
cross sectional shape of the front roof rail, and an
upper end of the slant surface being the most front
end of the approximately closed cross sectional
shape.

The sunroof apparatus according to claim 1 or 2,
wherein at least a part of the approximately closed
cross sectional shape is located under the inside of
the upper edge portion of the front window (5), the
front roof rail (15) being attached to the inside, and
wherein the front roof rail has a slant surface extend-
ing slantingly in an upper and forward direction from
alower end of the slant surface, the lower end being
at a location of a bottom part of the approximately
closed cross sectional shape of the front roof rail,
and no part of the front roof rail being located under
an extended plane including the slant surface.

The sunroof apparatus according to claim 1, 2 or 3,
wherein the front roof rail (15) is made of a bended
metal plate, the bended metal plate being bended
so as to have an approximately closed cross sec-
tional shape, and wherein at least a part of the ap-
proximately closed cross sectional shape is located
under the inside of the upper edge portion of the front
window (5), the front roof rail being attached to the
inside.

The sunroof apparatus according to claim 4, wherein
a joint section (17) to be joined between both edges
of the bended metal plate is sealed with a patch
member (18).
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10

The sunroof apparatus according to claim 4 or 5,
wherein the front roof rail is attached to the inside of
the upper edge portion of the front window with ad-
hesive (14), and a joint section (17) to be joined be-
tween both edges of the bended metal plate is sealed
with the adhesive (14).
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